Nuclear factor kappa B (NF-KB) is an important transcription factor that regulates the expression of genes involved in immune function, inflammatory response, cell adhesion and cell growth (1-3). NF-KB is activated by various stimuli, including certain cytokines (tumor necrosis factor (TNF) and interleukin (IL)-l), lipopolysaccharide (LPS), UV radiation, and reactive oxygen species (1-3). In unstimulated cells, NF-KB is in the cytoplasm as a complex with inhibitors (IKBs) (3) (4) (5) (24, 25) . The radioactive probes were prepared by random priming from partial cDNAs encoding ubiquitin and IicBa as described below. Mitochondrial 16S ribosomal RNA, used as an internal standard, was rehybridized with a random primed radioactive mouse mitochondrial 16S ribosomal cDNA provided by Dr. Kitagawa (Nagoya University, Japan). Other methods. Protein was determined by means of the standard Bio-Rad protein assay with bovine plasma y-globulin as the standard. The following oligonucleotide, corresponding to the NF-icB binding site in region II of the murine iNOS gene, was used as a probe for EMSA: and LPS. Two upstream regions of the iNOS promoter, a promoter proximal region I (RI) and a more distal region II (RI) are required for the maximal promoter activation by LPS, and the RII domain mediates promoter trans-activation by INF-_??_ (18). To investigate the molecular mechanisms underlying ascorbate dependent enhancement of NO production, nuclear extracts were prepared from LPS-, INF-_??_ or LPS/IFN-_??_-activated J774.1 cells in the presence or absence of ascorbate or ascorbate phosphate and then subjected to EMSAs with 32P-labeled iNOS promoter region II containing the NF-icB binding site as a probe. As shown in Fig. 2a , prominent shifted bands, a and b, were observed with LPS/IFN-y activated nuclear extracts. The sequence specificity of these DNA-protein interactions was demonstrated by cold competition (data not shown). Furthermore, the specificity of the NF-icB binding was confirmed by a supershift assay using the antibodies to p50, p65 and cRel. The mobility of band a was further retarded in the presence of the anti-p65 antibody (Fig. 2a, lane 3) . Addition of the anti-p50 antibody to the binding reaction reduced the mobility of band b as well as the intensity of band a (Fig. 2a, lanes 2 and 3) , while no supershifted bands were formed with the anti-cRel antibody (Fig. 2a, lane 4) . All these data clearly indicate that bands a and b comprised a p50/p65 heterodimer and a p50/p50 homodimer, respectively.
To characterize the effect of ascorbate on the inducible expression of NF-KB DNA binding activity, nuclear extracts were prepared from cells activated with and N TSUKAGOSHI LPS/IFN-y for appropriate periods in the presence or absence of ascorbate. In unstimulated cells, no NF-KB DNA binding activity was detected. LPS/IFN-_??_ activation induced a rapid nuclear translocation of NF-KB, which was detectable within 15 min after stimulation, reached a maximum at 30 min, and was still present at 6 h after stimulation (Fig. 2b) . Ascorbate did not affect the time course of the nuclear translocation of NF-kB. However, ascorbate increased the KB-binding activity by approximately 50% as judged by the intensity of the shifted bands, especially the p50/p65 heterodimer. This was also the case with cells activated with only LPS, where ascorbate enhanced nuclear NF-KB without affecting the onset of its nuclear translocation (Fig. 2c) . IFN-y alone exerted no inductive effect on NF-KB expression (Fig. 2c) . Ascorbate enhanced IRF-1 degradation in LPS/IFN-y activated macrophages IRF-1 is required for synergistic induction of the murine iNOS gene by IFN-_??_ and LPS. Transcription of the IRF-1 gene is also activated synergistically by IFN-_??_ and LPS. It was of interest to determine if ascorbate affects expression of the IRF-1 gene since nuclear NF-KB is involved in synergistic IRF-1 expression when induced by the combination of LPS and IFN-_??_. Nuclear extracts prepared from LPS/IFN-y-activated cells in the presence or absence of ascorbate were subjected to Western blotting using the antibody to mouse IRF-1 (Fig. 4a ). An apparent 48 kDa protein cross-reactive with the antibody was detected within 1h after combined stimulation and then began to degrade gradually (Fig. 4a, lanes 1 to 5) . Ascorbate exerted no effect on IRF-1 expression, but it enhanced the degradation of IRF 1, which decreased to the basal level within 12h after stimulation by LPS and IFN-_??_ (Fig. 4a, lanes 7 to 10) was significantly lower than that induced by LPS/IFN-y (Fig. 4b , lanes 2 and 6).
In contrast, no IRF-1 was detected in cells activated with LPS only (Fig. 4b , lanes 4 and 5).
Effect of ascorbate on iNOS synthesis
To investigate the effect of ascorbate on iNOS gene expression, cellular proteins were prepared from cells activated with LPS or IFN-_??_ alone or LPS/IFN-_??_ in the presence or absence of ascorbate and then subjected to Western blotting analysis (Fig. 5) . In unstimulated or IFN-_??_-stimulated cells, no protein cross-reactive with the antibody to mouse iNOS was detected (Fig. 5, lanes 1, 8 and 12 ). In contrast, LPS stimulation induced the synthesis of a small amount of immunoreactive protein within 6 h after stimulation, and ascorbate enhanced the iNOS level in these cells (Fig. 5, lanes 10 and 11) . The combined stimulation by LPS and IFN-_??_ resulted in the inductive synthesis of a large amount of iNOS protein (Fig. 5, lanes 3 and 4) . The iNOS protein was detected within 3 h after combined stimulation and reached the maximum level at 6h, the level of which remained unaltered even after 24h. Although ascorbate did not influence the time course of iNOS synthesis, ascorbate increased the iNOS protein level significantly (Fig. 5, lanes 6 and 7) . The relative increase in iNOS protein level appeared to be roughly comparable to the increase in NO production in LPS/IFN-_??_-activated cells (Fig. 1) . DISCUSSION We have shown that ascorbate enhances NO production by elevating both iNOS mRNA and iNOS protein levels in LPS/IFN-_??_-activated macrophage cells, J774.1 (19). To elucidate the molecular mechanism underlying the ascorbate dependent enhancement of NO production in the activated macrophages, the effects 
